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(54) Power supply unit for an electronic system and a method for controlling the unit 


(57) Disclosed is a power supply unit that can prop- 
erly prevent a reverse current from a battery to an exter- 
nal power source and that is employed for an electronic 
system, such as a notebook computer, which is activated 
by both an external power source and an incorporated 
battery, and a method for controlling such a power supply 
unit. 

A power supply unit for an electronic system, to 
which power is supplied by both an external power 
source and a battery, comprises: voltage detection 
means for detecting an output voltage of the external 
piower source; current detection means for detecting an 
output current of the external power source; logical sum 
means for outputting a logical sum of the detection re- 
sults of the voltage detection means and the current de- 
tection means; and connection/disconnection means for 
connecting and disconnecting the external power source 
in response to the output of the logical sum means. Since 
the external power source is disconnected when only the 
battery is active, a reverse current from the battery is 
properly prevented. The connection/disconnection 
means of the external power source includes only an 
FET switch, does not require a Schottky barrier diode, 
so that heat generation will not occur. 
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The present invention relates to a power supply unit, for an electronic system, and a method for its control and in 
particular, to a power supply unit for an electron* system, such as a notebook compute, that may be powered by^otn 
an external power source and an incorporated battery. More specificalry. the present invention pertains toTp^wer supply 

anoaT a ;^ 

a u^T enX,0na> electronic sys,ems recGive P° wer constantly and steadily from external power sources (commercially 
available power sources, m general). However, as electronic equipment has become more compact, light andZ2 
as a resuft of recent advances in the art, electronic equipment that can be activated by batteries^ come imo SSZ 
use. A notebook computer (or a portable computer) is a good example. pracucai 
an J!5,JLt a 8t f em f!i C dia 9rafn showing the general power supply unit for an electronic system. In Fig. 2. power for 
£ 7 IS o SUPP " ed by m eX,8rnal P ° Wer " oureB throu9h an AC/DC adaptor 12. or by a battel 13 

so ^fl t P ' S o d8ViCe th3t COnVertS an AC VOl,a9e ,rom an extemal P ower source into a DC voltage 
so that the electronic system 10 can use it. A power supply line on the positive side of the AC/DC adaptor 12 Znu 
nicates via an input temrjinal 1 1 a wfth a DC/DC converter 1 4 within the electronic system 1 0. A power supply Ur^ZZ 
negative , side of the AC/DC adaptor 1 2 is connected to a GND within the electronic system 1 0 via an input terminaM 1 b 
so that the output current of the AC/DC adaptor 12 is returned from the GND 

The AC/DC adaptor 12 is designed to be operated with an inherent output characteristic, such as CVCC (constant 
fTH^T^T^ k WC ? C (C ° nS,ant ^-PP^te constant power-constant current). The ^hTn 
5i liTZ £ %p ! .I"* Charac,er,s,ic of ,he AC/DC ada Pt°r 1 2 that is operated at 40 W in the CVCC mode 
t^e CW^CC mod? ST S h TT^XZ Characteristic of an AC/DC ada Pt°r 12 that is operated at 40 W and in 
the CWCCC mode. The characteristic. CVCC or CWCCC. is determined by the capacity and charqinq/discharaino 
character,^ of the battery 13 (which will be described later) that the electron* system 1 0 ^emXr^S an 

buuSr IT''" ?*T T" <inC ' Udin9 ^ b ° th ,he extemal P° wer source and t"e battery 1 3 are connected 
of h« A Snr V h " no < rechar 9 ed >' the AC ' DC ada Pt°r 1 2 shifts in the constant voltage area (CV). The output voltage 
of the AC/DC adaptor 12 is at almost the same level as an open-circuit voltage of 20 V < + 5%, -10%) when the ette3 
power source ,s released from a system load 15, and current is increased or decreased according to me SwTcon 
sumption of the system toad 15. When the AC/DC adaptor 12 charges the battery 13. the AC/DC adaptor l^shlThe 

timet / 4 v,o I ? :z v e app rr te cons,an, ^ < vc > *™ Th ° « a C / DC L£ IZZSZ 

Xe forme battery 13) " 3 ^ ***** ^ M 15 V is a rechar ^ termination 

• ?! 1 5 WhiCh iS incor P orated in the electronic system 10. is. for example, a nickel cadmium (Ni-Cd) cell or 

e.-Stost \1 ^ d 1 r ' de t (Ni - MH ^ C f e,, The P° w - -PP'V - the ^itlve side of the battery 13 is £l££d to he 

SS^SS^SEI, ?f ""h"* tGrm,nal 11C ' iS SleCtriCal,y C ° Up,ed Wrth the P° wer "ne on the positive side of 

the AC/DC adaptor 1 2. and communicates with the DC/DC converter 1 4. The power supply line on the neaative side of 

£ baS: r rJ?r oon t nect h ;° ,he „ Gf s: in the e,ectronic sys,sm 10 *■ - 2 °. 

Itoliipvih GND The batterV 13 9enera,,y COm P rises 30 ""Went of eight battery ceTs o 

s^fevrirsssir 1 " ln ,his ~* ,he output voi,a9e of the battery 13 is 74 v to 15 v - -«*~ - 

_ ™° |? C ,? C ~?,y arter 14 iS 3 dSViCS that COn,rols power volta 9 e V cc which is supplied to the system load 1 5 More 
speedily, the DC/DC converter 14 is coupled with the both power supply lines of the AC/DC adaptor 1 2 an^he battery 
1 3 on their positive sides parallely. The DC/DC converter 1 4 reduces the constant voltage (20 V) of the external newer 

r 3 TvSs lT 0r 'f\ 0r T VO ' ta9e < 7 4 V 10 15 V) ° f the ba,te( V 13 ' ^ aloC leveCmalJ 5 V 

or 3.3 V) that ,s appropriate for the operation of the system load 1 5, and maintains a constant voltage level exactly 

and IS Us h k Resents a general component in the electronic system 10 that actually consumes power 

T Ttl V nX ° C V ° na9 °- Which iS SUpp,ied by the DC/DC 14- " the electronic system" 0 is 

a no ebook computer, a CPU. a memory, or a display, individual peripherals are included in the systemToads 1 7 

describTd^Jri 0 ,h3t rSCeiVeS ' in Para " e1, ,hS ° UtpUt VOt{ages oi the AC/DC ada P tor 1 2 and the battery 13 

dm™ £Z» meaSUrS ,S reqUifed ,0 PreVent ,hS f,OW ° f 3 reverse current that is caused by a voSage 

difference between the two power sources. In particular, means must be provided to prevent a current backflow from 
the power supply ne of the battery 13 to the power supply line of the AC/DC adaptor 12, while only the battery^ Ts 
supping power, because power consumption by a circuit in the AC/DC adaptor 1 2 caused by the cu mm reveTsIf is 
^bs«ant,a.fy wasteful, and the power of the battery 13, which has a finfte capacity, is expended L,essV. Ce7^ 
detection means * sometimes provided on the power supply line on the positive side of the AC/DC adaptor 1 2 to detect 
theconnection of an external power source. However reverse current flow from the battery 1 3 may cause a poweVsVurce 
detection means to incorrectly identify the presence of the external power source 

The following two prior art examples exist as a circuit or a method for preventing a reverse current flow from the 
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battery 1 3 to the AC/DC adaptor 1 2. 
Prior Art Example 1 

One prior art example inserts a diode into the power supply line of the AC/DC adaptor 12 to prevent a reverse 
current flow. In Rg. 4A, in a diagram illustrating <Prior art example 1>. a diode 1 6, for proven ing a cC rent bacZ, is 
connected ,n senes between the input termina. 11a. on the positive skie of the AC/DC adaptor 1 2 and Z inpuUem.Tnal 
lie. on the posit™ side of the battery 13. The diode 16 is so connected that a norma? current ^dirlc«on is foZ?d 

Supposetl^taSchottkybarrierdiodeorafastrecoverydicdeisemployedasthediodeie^ 
V, .n the forward direction for the Schottky barrier diode is relative V low (0.4 V to 0.5 V). this diode <^e«Se^2%> 
the power that ,s wasted. However, at a high temperature a reverse current is increased, so X^e^nuZTa 

6 r^ZZTnT be h f h eC,e ? 7T,erefore 3 SCh0,,ky b3rrier di0de is n0t ,he P-P- ™ 'o "s'e a 2 

0?ltThS' ? VO,ta9e fedUC,i0n ° f 3 ,aSt rSCOVefy diode in a ,orward directi °" large (0.8 V to 
1.0 V). even at a h^h temperature a current backflow is substantially decreased, when compared with that for a Schottlw 
barrier diode, so that a fast recovery diode can be used as the diode 1 6. A fast recovery diode howeve mav beco™ 

SESSS^SEFi ,h : T afd direc,ion causes a terge 

To W ^A* 0 8 S to 1 U^ «f 1 °' ' A ' P ° Wer C ° nSUmed by 8 teSt recovef y diode fe 2 4 W to 

j o w ( 3 A x 0 8 V to 1.0 V). so that a heat discharge design that incorporates or provides for the use of a heat sink 

3 7 ? 3 9 ' S A ' ,hOU9h ' 38 iS ShOWn in R 9 4B ' the heat Ration s«"ce can be dfep^sed b^utnTa 

i^iSiZT' 16> *? COnneC,6d in Para,,el With each other ' arrangement's not" S 
enough heat d.scharge, and a design that incorporates additional heat discharge means is required 

_ S,n , ca there » " standard component item that consists of a single chip on which two fast recovery diodes are 

'T 98 : eral,y ' a " arran 9 ement ° f tw ° « diodes is used that invokes the employment one o^ Z 

Se^hK ^ l ° manU,aCtUrin9 COStS ' B is no « desirabte *> ^ a plurality'of "rather expels" 

Prior Art Example 2 

line o"f?e h AC/Dc ra lTr id p S , a T"? ion/d ' sconnection mea "s. '<* current backflow prevention, on the power supply 
line of the AC/DC adaptor 12. In Fig. 5A, in a diagram illustrating <Prior art example 2>, an FET switch (e q P-channel 
power MOS FET) 1 7 as. which is emp.oyed as a connection/disconnection means, is connected™ ser es^ween the 

ZlTT^l F a E^ 6 w^ tiV ? ld L 0, AC/DC adaP, ° r 12 ' ^ thS inpUt t6mlinal 11C ' °" tha Po"ve side o" Z 
battery 1 3. The FET switch 1 7 is turned on when an external power source supplies power via the AC/DC adantor 1 o 

to the system load 1 5. or when the battery 1 3 is to be charged. The FET switch 1 7 is^ed off w^en onfy fhe 2 er^ 

1 3 ,s supplying power. In this manner, current backflow to the AC/DC adaptor 12 is prevented * 

rendL^he^ch^ onT^ T'T. *" T"" ** ° f V ° ttage by the eXternal P owef sourc * and 

conr^tenl n»™«J,L tK , f A ' 3 V °' ,age de,6Ct ° r 18 " 00 ,he P 08 "™ side <* AC/DC adaptor 12. is 

connected in pa allel to the input terminal 11a to monitor the output voltage of the external power source and to render 

2i2L i7? , H° n , h 0r °! M ° re specifica "y- ,he volta 9e detector 18 compares the output voltage V e oTthl AC/DC 
wSn i V M V> VOlta9e 31 ,h ° P 05 "^" 5 ^ in P ut ,e ™r,al Ha) with a predetermined reference voUage V ? 
When V e ,s equal to or greater than V ref . the voltage detector 18 determines that a voltage from the externafoower 

that a voltage from the external power source has not been applied, and turns off the FET switch 1 7 

When the system load 1 5 is driven by the external power source, the output voltage V a of the AC/DC adaotor 1 2 

^ fT ^ 3 ° 0nSiderab,y hi9h6r VO,ta9S ' SVel <» V) than the ompuT levtTof t he 

»h««l J ^ ! 5 13 18 l ° be Charged> ,he ° Utput voHa 9 e V b is sh '«ad to almost the same voltage level as 
? b- !T y 13 (aC,UaHy ' ,hS VOtta9e 8 ' th9 P° s « ive - Sid « i"P"t terminal 11c. 7.4 V to 15 V) alls 

rnntl,,!^ 12 ' S Vaned " 3 com P a rative wide range from the charging start voltage (7 4 V) to the 

constant vol age area (20 V). Therefore, to determine, only from V e , whether or not the voltage is applied by the external 

^ AoZ P l mh V °'!! 9e V "" mUSt be S6t '° Wer ,han 7 4 V " «"* is tha minimum value ci V B " 

is deteche?!?! bl fh 8 w 1 , 7 iS th3t 3 CUfrent f ' OWS bidirec,ion al^ i" the ON state, .f the externa^power source 

is detached while both the external power supply and the battery 13 are being operated the output voltaae V at the 

Ts Z'^he ON ^ T l Sid6 °' VOtta9e ^ 18 Via ,bS FET 

in JTrtSh . T tS? 1 ° Pr8Vent th ' 8, 38 ' S Sh ° Wn in Fig - 5B ' a diode 19 - for Preventing a reverse current flow is 
inserted between the FET switch 1 7 and the positive-side input terminal 1 1 c of the battery 1 3 to avoid the reverse current 
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from the battery 1 3. The diode 1 9 may be either a Schottky barrier diode or a fast recovery diode. With the employment 
ot a Schottky barrier diode, the reverse current can be cut off by the FET switch 1 7 in <prior art example 2> even though 
a reverse current flow increases at high temperature. Therefore, a Schottky barrier diode that has a small voltage re- 
duction in the forward direction is adequate for employment as the diode 1 9. However, a Schottky barrier diode still has 

of 1.2 W to 1 .5 W (= 3 A x 0.4 V to 0.5 V). The design of a heat discharge means, however, continues to constitute a 
problem. 

In short, in prior art examples 1 and 2, to prevent a reverse current flow from the batten/ 13 to the AC/DC adaptor 

12, a fast recovery diode or a Schottky barrier diode must be employed. Since each of these diodes for preventing a 
reverse current flow is a primary heat generation source in an electric circuit, it would be understood by one having 
ordinary skill in the art that a heat discharge countermeasure is required. 

In Figs. 4 and 5. a P-channel power MOS.FET 20 is inserted at some point in the positive-side power supply line 
of the battery 1 3 before the supply line is coupled with the power supply line of the AC/DC adaptor 12 The FET switch 
20 is employed to control the charging/discharging of the battery 13. More specifically, when the battery 13 is to be 
recharged by the external power source, or when the battery 1 3 supplies power to the system load 15, the FET switch 
20 is turned on, and for the other cases, the FET switch 20 is turned off. The ON/OFF control of the FET switch 20 is 
performed in the some manner that a dedicated processor, for example, monitors the remaining capacity of the battery 

13. rts temperature, and the connection or the disconnection of the external power source. The charging and the dis- 
charging of the battery 1 3 is not included within the scope of the subject matter of the present invention, and a detailed 
explanation for the switching operation of the FET 20 will not be given. 

Accordingly, the present invention provides a power supply unit for an electronic system, to which power is supplied 
by both an external power source and a battery, comprises: voltage detection means, for detecting an output voltage of 
the external power source; current detection means, for detecting an output current of the external power source- logical 
sum means, for outputting a logical sum of the detection results of the voltage detection means and the current detection 
means; and connection/disconnection means, for connecting or disconnecting the external power source in response 
to the output of the logical sum means. 

An embodiment advantageously provides a power supply unit for an electronic system, such as a notebook com- 
puter, that is activated by both an external power source and an incorporated battery, and to provide a method for 
controlling the unit; and more particularly, to provide a power supply unit, for an electronic system, that can appropriately 
prevent a reverse current flow from a battery to an external power source, and to provide a control method for the unit 

Further reverse current flow is prevented from a battery to an external power source without requiring the employ- 
ment of a diode, to prevent a backflow, such as a Schottky barrier diode or a fast recovery diode, and to provide a method 
tor the control of such a power supply unit. 

a^/^o embodimem of the P fesent invention provides a power supply unit wherein said power source comprises- an 
AC/DC adaptor, connectable to an external power source, for converting an AC voltage from said external power source 
into a DC voltage; a battery; a DC/DC converter, for adjusting an output voltage of said AC/DC adaptor or of said battery- 
voltage detection means, for detecting the output voltage of said AC/DC adaptor and for outputting a voltage detection 
signal; current detection means, for detecting the output current of said AC/DC adaptor and for outputting a current 
detection s.gnal; logical sum means, for outputting a logical sum of said voltage detection signal and said current de- 
tection signal; and connection/disconnection means, for connecting or disconnecting said AC/DC adaptor in response 
to the output of said logical sum means. 

According to a further aspect of the present invention, a method for controlling a power supply unit for an electronic 
system, to which power is supplied by both an external power source and a battery, comprises: a voltage detection step 
of detecting an output voltage of the external power source; a current detection step, of detecting an output current of 
the external power source; a calculation step, of calculating a logical sum by adding the detection result for the output 
voltage and the detection result for the output current; and a connection/disconnection step, of connecting or discon- 
necting the external power source in response to the logical sum. 

As described above, theoutput voltage of the external power source is detected by comparing it with a predetermined 
reference voltage. Only when the output voltage is higher than the reference voltage, the detection result is output The 
reference voltage is set to a higher level than the maximum value of the terminal voltage of the battery and to a lower 
level than the output voltage of the external power source when ft outputs a constant voltage. Therefore the external 
power source « connected when the voltage is applied by the external power source, such as when the output voltage 
of the external power source is considerably higher than the reference voltage (specifically, when the system load 15 is 
driven in the CV area of 20 V), or when the output current of the external power source is flowing, even when its output 
voltage is lower than the reference voltage (specifically, 7.4 V to 15 V when the battery is being recharged) When only 
the voltage from the battery is applied, the output voltage of the external power source is below the reference voltaqe 
and the output current of the external power source does not flow, so that the external power source is disconnected 
in this manner, a reverse current flow from the battery to the external power source can be properly prevented 
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such as a Schottky barrier diode or a fast ra™T™ h£ MOS.FET). and a diode for preventing a reverse current. 

o. «,^.' s « a ' a9ram i " u "' a " n9 a po *"' SUK " y un " h » **»* ■»-»■ «-»■*. - «» «*•*«, 

Si ^ISSSfSKl! """"ill 9 9 ° ne,al pow " »* 01 » system. 

positive-side input terminal 11c of a battery 13 and with in Fio <ir hZ«f * ,f adaptor 12 and a 

input terminals of an MmcS2^S^^!T % ^ inS6rted bG,ween a P<*"ive-side 
A. Arrangement of a power supply unit 
oHbep~ 

corresponding or identical components in Rg i ° ^ COm P° nents in Fi 9 2 are employed to denote 

The P° wer su PP'y un» in this embodiment comprises an AC/DC adaptor 12 a batterv 1 3 a nr/nr a H a „ f , „ 
voltage detection means for detecting an output vbltaae V of an «rtamJ~« adaptor 14; 

detectingan output current I of the external oSr™! 1° f P W6r S ° UrCe; CUrrent dete <*°n means for 

results of the voLgedete^ 

necting and disconnectinq , tnTinZ of the conn **°n/disconnection means for con- 

Firs,. L structure oHhT fr^Z?^ " * *° "*« « - «• means. 

(1) Voltage detection means 

. ^^^^^ 

(2) Current detection means 

that is proportional to the current value. 9 P ° Wer SUPp,y ,,ne ' ,nto a vo,ta 9e value 
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One end of the current detection resistor 31 (GND side) is connected via a 2.2 kil resistor 33 to the non-inversion 
terminal of the OP amplifier 32. The other end of the current detection resistor 31 (negative side) is connected via a 2 2 
kf2 resistor 34 to the inversion terminal of the OP amplifier 32. With this arrangement, the OP amplifier 32 amplifies the 
voltages at both ends of the current detection resistor 31. Further, the non-inversion terminal is connected to the GND 
va a 44 kfl resistor 35, while the output of the OP amplifier 32 is fed back to the inversion terminal via a 44 kQ resistor 
30. The gam for the OP amplifier 32, therefore, is increased 20 times by voltage division, which is performed by the 
resistors 33 and 35, and the resistors 30 and 34. The voltage gain with respect to the output current L is set to 1 0 V/A 
For example, when an output current of 1 .7 A is flowing across the current detection resistor 31 , the output of the OP 
amplifier 32 is 1.7 V. K viu«»w 

The output of the current detection means is sent to the logical sum means via a diode 36. An explanation will be 
given later. 

Since the current detection means has been conventionally provided to control the charge operation of the battery 
13 by using the output current of the external power source (control the ON/OFF state of the FET 20) this may be 
employed as it is. In addition, the diode 36 is employed to avoid an erroneous detection of the output current I when a 
current from the Zener diode 21 flows back to the OP amplifier 32 while the AC/DC adaptor 12 is in the CV mode In 
this embodiment, a small-signal silicon diode is employed as the diode 36. 

(3) Logical sum means 

The logical sum means in this embodiment is an npn transistor 41 . 

The outputs of the voltage detection means and the current detection means are connected in parallel and are 
voltage-divided by a 1 0 k£2 resistor 42 and a 22 kn resistor 43. and the resultant output is sent to the base of the transistor 

41 The emitter of the transistor 41 is grounded to the GND. and the collector is connected to the connection/discon- 
nection means. The output of the voltage detection means is further adjusted by voltage division by the resistors 22 

42 and 43. When the output voltage V a of the AC/DC adaptor 12 (the voltage at the input terminal 11a) exceeds the 
reference voltage. 17 v. the transistor 41 is rendered active. The output of the current detection means is affected by 
the voftage drop in the forward direction by the diode 36. and is adjusted by voltage division by the resistors 42 and 43 
When the output current l e of the AC/DC adaptor 1 2 exceeds the reference current l re „ 1 .7 A, the transistor 41 is rendered 

3C II V 0 . 

When either the output voltage V e , or the output current l e , of the AC/DC adaptor 12 exceeds a predetermined 
reference voltage V ret , or the reference current l re „ the base potential of the transistor 41 exceeds a threshold value 
and the transistor 41 is rendered on. When neither the output voltage V e nor the output current l e of the AC/DC adaptor 
12 attains the reference voltage v ref or the reference current l ref , the transistor 41 is rendered off (i.e , it is determined 
that no power is being supplied from the external power source). In other words, the logical sum means employs a loqical 
sum of the detection results of the voltage detection means and the current detection means to determine whether or 
not the external power source is supplying power. 

(4) Connection/disconnection means 

The connection/disconnection means in this embodiment is a P-channel power MOS_FET 17 

The collector of the transistor 41 is connected to the gate of the FET switch 1 7 via a 1 0 kfl resistor 51 The posi- 
tive-side input terminal of the AC/DC adaptor 12 is connected to the drain of the FET switch 17, while the positive-side 
input terminal of the battery 13 is connected to its source. A 22 kn resistor 52 is inserted between the gate and the 
source of the FET 17 to set a bias voltage, between the gate and the source, by employing a voltage divided ratio of 
the resistor 52 to a 1 0 kQ resistor 51 . 

When the transistor 41 is rendered on (i.e., the logical sum means acknowledges that a voltage has been applied 
by the external power source), a current flows from the positive-side input terminal 1 1a of the AC/DC adaptor 1 2 toward 
a parasrt.c d,ode of the FET 1 7, the resistors 52 and 51 , and the transistor 41 . A bias voftage is then applied between 
he gate and source, and the FET switch 1 7 is turned on. Accordingly, the AC/DC adaptor 12 that was connected only 
through the parasitic diode of the FET switch 17 is now fully connected, with the FET switch 17 being definitely on The 
ON resistance between the drain and the source of the FET 17 is at most 50 mO. Even when the output current I of 
ill ^° C iA ada P ,or 12 is ,he maximum 3.4 A. the power consumed by the FET 17 is only approximately 0 05 £1 x (3 4 
0 6 W " would be therefore understood that power that is consumed can be reduced more than when a fast 
recovery diode or a Schottky barrier diode is employed to prevent a reverse current. 

When the transistor 41 is rendered off (i.e., the logical sum means does not acknowledge that a voltage has been 
applied by the external power source), the gate of the FET 17 is cut off from the GND and there is no current path to 
the resistor 52. The bias voftage is not applied between the gate and the source, and the FET switch 17 is turned off 
Accordingly, a current flow from the battery 13 to the AC/DC adaptor 12 is interrupted, so that a current backflow from 
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the battery 13 to the AC/DC adaptor 12 will not occur. 
B. Operation of the power supply unit 

flrtie I h ?n^^?T,? thG P ° Wer SUPPly " nit accordin9 to ■* embodiment have been described in the precedina 
article. In this article, the operation of the power supply unit will be explained while refemnr, t« tIkTT ' ne P reced,n 9 



Application of external power force 

Application of battery I 


Battery not charged 

Battery charged 


20VDC 

7.4-1 5 VDC 

OVDC 

| Output current of external power source L 

0-2.0A 

2.4-3.4A 

OA 

I TABLE 1 



(1 ) When the external power source is active and the battery 1 3 is not to be charged 

in thISr ^! X ! emal H OWer K S ! 1 UrCe iS aCtiVe and ,he battery 1 3 is not t0 be charoed . «he AC/DC adaptor 1 2 is operated 
m«n. wt,en it Is expressed .s a kgies. valee. is tte-efoie aways', • Si ou^e™en,7s„i£ b«2? 

(2) When the battery 13 is being charged by the external power source 

m^ne 3 ^?"^ ? iS b6ing Char9ed by the ex,ernal P° wer source . the AC/DC adaptor 12 is operated in the VC 
7 f V ,o 15 m< ? S H (aS ,: S d t SCnbed abOVG)> thS ° UtpUt V ° na * Q V « of ,he ** sma ' ^wer sourc^TsNfted be^Jen 

(3) When only the battery 13 is active 
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(4) When the external power source is extracted while the battery 1 3 is being charged 

Although the external power source is active while the battery 1 3 is being charged, as is described in (2), the output 
of the voltage detection means has already dropped to m 0 m . When the external power source is removed in this state, 
the flow of the output current l e is halted, the output of the current detection means is B 0°, and, accordingly, the output 
of the logical sum means is "0 B and the input terminal of the AC/DC adaptor 12 is completely disconnected. Since the 
reference voltage V ref of the voltage detection means is set higher than the maximum output voltage of the battery 13, 
even if the output current of the battery 13 flows inversely across the FET switch 1 7, the output of the voltage detection 
means can not be "1 •. Therefore, a diode (the diode 1 9 in Fig. 5B) for preventing a reverse current flow is not required. 

As described above it is possible to provide a power supply unit that can properly prevent a reverse current flow 
from a battery to an external power source and that can be employed for an electronic system, such as a notebook 
computer, which is activated by both an external power source and an incorporated battery, and to provide a method 
for controlling such a power supply unit. Further, since a diode for preventing a reverse current flow, such as a Schottky 
barrier diode or a fast recovery diode, is not required, a heat discharge means can be easily designed and manufacturing 
costs can be reduced. 


Claims 

1. A power supply unit for an electronic system, to which power is supplied by both a power source and a battery, 
comprising: 

voltage detection means, for detecting an output voltage of said power source; 
current detection means, for detecting an output current of said power source; 

logical sum means, for outputting a logical sum of the detection results of said voltage detection means and 
said current detection means; and 

connection/disconnection means, for connecting or disconnecting said power source in response to the output 
of said logical sum means. 

2. A power supply unit according to claim 1 , wherein said voltage detection means compares said output voltage of 
said power source with a predetermined reference voltage, and outputs the detection results only when said output 
voltage is higher than said reference voltage. 

3. A power supply unit according to claim 2, wherein said reference voltage is set to a higher level than a maximum 
output voltage value of said battery and to a lower level than said output voltage of said power source when said 
power source outputs a constant voltage. 

4. A power supply unit according to claim 1, 2, or 3, wherein said connection/disconnection means is a power 
MOS_FET. 

5. A power supply unit according to any preceding claim, wherein said power source comprises an external power 
source. 

6. A power supply unit as claimed in any of claims 1 to 4, wherein said power source comprises: 

an AC/DC adaptor, connectable to an external power source, for converting an AC voltage from said external 
power source into a DC voltage; 
a battery; 

a DC/DC converter, for adjusting an output voltage of said AC/DC adaptor or of said battery; 
voltage detection means, for detecting the output voltage of said AC/DC adaptor and for outputting a voltage 
detection signal; 

current detection means, for detecting the output current of said AC/DC adaptor and for outputting a current 
detection signal; 

logical sum means, for outputting a logical sum of said voltage detection signal and said current detection 
signal; and 

connection/disconnection means, for connecting or disconnecting said AC/DC adaptor in response to the 
output of said logical sum means. 

7. A method for controlling a power supply unit for an electronic system, to which power is supplied by both a power 
source and a battery, comprising: 
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a voltage detection step, of detecting an output voltage of said power source* 
a current detection step, of detecting an output current of said power source-' 

a conrwatoVdhoomiMloo step. o( eonn«in 9 ordlscoonectha .aid power spores In , espc „ s , ,„ to9icol 


sum. 


A me hod for controlling a power supply unit according to claim 7. wherein, at said voltaoe detection s t«n c ai H 
output voltage of said power source is compared with a predetermined reference votege and ££Z£JZ£ 
are outputted only when said output voltage is higher than said reference voltage SU ' tS 

A method for controlling a power supply unit according to claim 8. wherein said reference voltaoe is set to a hir,h«r 

SI 1* ma 5 mUm ° UtPUt VOlta9e °' * and to a than said outpuTvoSge 7«U £Z 

source when sa.d external power source outputs a constant voltage. 9 ^ WSr 
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(54) Power supply unit for an electronic system and a method for controlling the unit 


(57) Disclosed is a power supply unit that can prop- 
erly prevent a reverse current from a battery to an ex- 
ternal power source and that is employed for an elec- 
tronic system, such as a notebook computer, which is 
activated by both an external power source and an in- 
corporated battery, and a method for controlling such a 
power supply unit. 

A power supply unit for an electronic system, to 
which power is supplied by both an external power 
source and a battery, comprises: voltage detection 
means for detecting an output voltage of the external 
power source; current detection means for detecting an 
output current of the external power source; logical sum 
means for outputting a logical sum of the detection re- 
sults of the voltage detection means and the current de- 
tection means; and connection/disconnection means for 
connecting and disconnecting the external power 
source in response to the output of the logical sum 
means. Since the external power source is disconnect- 
ed when only the battery is active, a reverse current from 
the battery is properly prevented. The connection/dis- 
connection means of the external power source in- 
cludes only an FET switch, does not require a Schottky 
barrier diode, so that heat generation will not occur. 
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